Charged residues are major determinants of the transmembrane orientation of a signal-anchor sequence.
Uncleaved signal-anchor sequences of membrane proteins inserted into the endoplasmic reticulum initiate the translocation of either the amino-terminal or the carboxyl-terminal polypeptide segment across the bilayer. Which topology is acquired is not determined by the apolar segment of the signal but rather by the hydrophilic sequences flanking it. To study the role of charged residues in determining the membrane topology, the insertion of mutants of the asialoglycoprotein receptor H1, a single-spanning protein with a cytoplasmic amino terminus, was analyzed in transfected COS-7 cells. When the charged amino acids flanking the hydrophobic signal were mutated to residues of opposite charge, half the polypeptides inserted with the inverted orientation. When, in addition, the amino-terminal domain of the mutant protein was truncated, approximately 90% of the polypeptides acquired the inverted topology. The transmembrane orientation appears to be primarily determined by the charges flanking the signal sequence but is modulated by the domains to be translocated.